# 


Attorney Docket No. 40989/237225(9280-12) 


EXPRESSION OF BIOLOGICALLY ACTIVE POLYPEPTIDES 

IN DUCKWEED 

CROSS-REFERENCE TO RELATED APPLICATIONS 

Tins application claims the benefit of U.S. Provisional Application Serial No. 
60/221 705, filed July 31, 2000, and U.S. Provisional Application Serial No. 60/293,330, 
5 filed May 23, 2001 ; each of which is hereby incorporated in its entirety by reference 
herein. 

FIELD OF THE INVENTION 

10 The present invention relates to methods and compositions for the expression and 

the secretion of biologically active polypeptides from genetically engineered duckweed. 

BACKGROUND OF THE INVENTION 


15 


20 


The duckweeds are the sole members of the monocotyledonous family 
Lemnaceae. The four genera and 34 speces are all small, free-floating, fresh-water plants 
whose geographical range spans the entire globe (Landolt (1986) Biosystematic 
Investigate on the Family ofDuckveeds: The Family of Lemnaceae- A Monograph 
Study Geobatanischen Institut ETH, Stiftung Rubel, Zurich). Although the most 
m orphological.y reduced plants known, most duckweed species have all the tissues and 
organs of much larger plants, including roots, stems, flowers, seeds and fronds. 
Duckweed species have been studied extensively and a substantial literature exists 
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detuning their ecology, systematic*, Itfe-cycle, metaboltsm, ^ »* £ 
susceptibility, their reproduce b,o,ogy, genehc stntcture, and ce„ 
(1961 ) ** 27: 22, ; Lando,, (,986) « * Family of 

LL: * ^ A~* Geo— e» htstrtut 

ETH,StiftungRubel, Zurich). 

The growth habi, of the duckweeds is idea, for mtcrobial cultunng method, The 
ph., raptdiy proUferates through vegetative budding of new fronds, in a macroscoptc 

buddtng front meristemattc ce„s. The meristematic region is sma„ and ,s found on , 
0 ventral surface of the frond. Menstematic ee„s ,ie in two pockets, one on each s,de of the 
T Ldvetn. The small nndvein region is also the site front wh,ch the root ongtnates 

,5 67: 27,; Change al. (1977) Bull. Ins, Om. Acad. &». 24.19, Data and 
m*!*** 65:16; Venkataraman,«/. (1970)Z PflonzenphysM. 62: 316). 

Isive cuhure of duckweed resuhs in the h.ghes, rates of b.omass accumuUton 
per uni, time (LandoU and Kandeler (.987) 77,, Fa.tty ofLen.naceae-A Mono g rapMc 

Zvo, , P^m. 

. , i ♦« pth Stiftune Rubel, Zurich), with dry weight 
20 des Geobotanischen Institutes ETH, atittung k.udci, „,.,„,, 

46 5 Undo,, (,957) Be, ScH.el, Bo, Ge, 67:271; Stomp, unpubltshed data, Protem 
con.en, of a number of duckweed species grown under varying conditions has been 
reported to range from 1 5-4 5 o/„ dry weight (Chang e, a, (,977, B M ,*s, «- - 
25 SI, 24:,9; Chang and Chu, «,97S) Z. ™: **** ° ^ 

7:272; Appenroth^. (.982)*^ ^ 17 « ' U 

,hese values, the leve, of pro,e,n production per hter of med.um m duckweed ,s on 
same order of magnitude as yeast gene expression systems. 

Sexual reproduction in duckweed is controlled by medium components and 
30 cultunng condittons, includmg photoperiod and culture density. Flower induct,on ,s a 
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routine laboratory procedure with some species. Plants normally se.f- P oUina«e, and 
selling ean be accomplished in the laboratory by gently shaking cultures. By thus 
method, tnbred lines of Lentna g Ma have been developed. Spontaneous mutations have 
been identified (Slovin and Cohen (1988) Plan, Physiol 86, 522), and chemical and 
gamma ray mutagenesis (using EMS or NMU) have been used to produce mutants w,lh 
defined characteristic, Outcrossing of L. S * is tedious but can be done by controlled, 
hand pollination. The genome srze of the duckweeds vanes from 0.25-1.63 pg DNA/2C 
with chromosome counts ranging from 20 to 80 and averaging about 40 across the 
Lemnaceae (Landolt (1986) Biosystentatic Investigation on the Family of Duckweeds: 
The family of Lemnaceae- A Monograph Study Geobatanischen Institu. ETH, Stiftung 
Rubcl, Zunch). Ploidy levels are estimated ,0 range from 2-12 C. id. Genetic diverstty 
within the Lemnaceae has been investigated using secondary products, isozymes, and 
DNA sequences (McClure and Alston (1966) Nature 4916:31 1; McClurc and Alston 
(1966) Anter. J. Bo, 53:849; Vasseur e, al (1991) PL Syst. Evol. 177:139(1991); 
Crawford and Landolt (1993) Syst. Bot. 10:389). 

Duckweed plan, or duckweed nodule cultures can be efficiently transformed w„h 
an expression cassette containing a nucleotide sequence of interest by any one of a 
number of methods including Agrobacterinm-mM gene transfer, balltstic 
bombardment, or electroporation. Stable duckweed transforms can be tsola.ed by 
transforming the duckweed cells with both the nucleotide sequence of interest and a gene 
which confers resistance to a selection agent, followed by cultunng the transformed cells 
m a medium containing the selection agent. See US. Paten, No. 6,040,498 to Stomp et 

A duckweed gene expression system provides the pivotal technology that would 
be useful for a number of research and commerctal applications. For plan, molecular 
biology research as a whole, a differentiated plan, system that ean be manipulated w>.h 
the labora.ory convenience of yeas, provides a very fas. system in which to analyze the 
developmental and physiologtcal roles of isolated genes. For commercial production of 
valuable polypeptides, a duckweed-based system has a number of advantages over 
3 existing microbial or cell culture systems. Plants demonstrate post-translational 
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processing that is similar to mammalian cells, overcoming one major problem associated 
with the microbial cell production of biologically active mammalian polypeptides, and it 
has been shown by others (Hiatt (1990) Nature 334:469) that plant systems have the 
ability to assemble multi-subunit proteins, an ability often lacking in microbial systems. 
Scale-up of duckweed biomass to levels necessary for commercial production of 
recombinant proteins is faster and more cost efficient than similar scale-up of mammalian 
cells, and unlike other suggested plant production systems, e.g., soybeans and tobacco, 
duckweed can be grown in fully contained and controlled biomass production vessels, 
making the system's integration into existing protein production industrial infrastructure 
far easier. 

These characteristics make duckweed an ideal choice to develop as an efficient, 
plant-based system for the production of recombinant proteins. Accordingly, the present 
invention provides methods and compositions that increase the efficiency of the 
duckweed gene expression system as a tool for producing biologically active 
polypeptides. 

SUMMARY OF THE INVENTION 

The present invention is drawn to methods and compositions for the expression 
and recovery of biologically active recombinant polypeptides, using duckweed as the 
expression system. One aspect of the present invention provides a method for enhanced 
expression levels of biologically active polypeptides in duckweed, resulting in an 
increased polypeptide yield and enabling the production of useful quantities of valuable 
biologically active polypeptides in this system. Another aspect of the invention discloses 
methods for the directed secretion of biologically active polypeptides from genetically 
engineered duckweed plant or duckweed nodule cultures. Secretion of the expressed 
polypeptide facilitates its recovery and prevents the loss of activity that might result from 
the mechanical grinding or enzymatic lysing of the duckweed tissue. 

In one embodiment, the invention encompasses a method of producing a 
biologically active recombinant polypeptide in a duckweed plant culture or a duckweed 


RTAO 1/21 003 19v I 


-4- 


40989/237225(9280-12) 


nodu ,ecu lt u r e,c™p ri sin gth es,epso f : (a) ^^*^°T£r 

co.tnre or said — nod* culture is stably transformed .„ express 
acti ve re— polypep«e, and wherein said biologically active —an, 
5 polypeptideisexpressed front a nuclide seonence co m pri SI n g a codtn 8 sequence f 

active polypeptide from «he duckweed culture medium. In sonte embodiments of 

,0 consisting of: (a, duckweed-preferred codons in the coding sequence for said 

polypeptide; «b) duckweed-preferred codons in the coding sequence for said signa 
e*(c Lation Nation codontha, is fl a,*ed by a pian.-preferred transiatton 
LLtton el, nucleotide sequence; and (d, an operably Bote, nucleotide sequence 
comprising a piant intron that is inserted upstream of the coding sequence. » some 
ZLJL of th.s method, the biologically active recombinant po.ypept.de ,s secreted 

into the duckweed culture medium. 

,„ another embodiment, the invention encompasses a method of secreting a 
biologically active recombinant polypeptide in a duckweed p.an, culture or a duckweed 
biologically Mcnlturiiw within a duckweed culture medium 

nodule chare, comprising the steps of. (a) cultunngwitn 
2 „ a duckweed plant culture or a duckweed nodule culture, wherein said duckwe d lan, 

Ire or saluckweed nodule culture ,s stably transformed ,„ express sa, biologically 
active recombinant polypcplide, and wherein said biologically active recombinan 
polypeptide is expressed from a nucleotide sequence comprising a coding seque c f 
L po lypeptide and an operably linked coding sequence for a signal peptide tha d 
25 seer ,i„! of the polypeptide into the culture medium; and (b, collecting said ,,o , .1, 
active polypeptide from the duckweed culture medium. ,» some embodiments of this 
method, the nucleotide sequence has at leas, one attribute selected from the group 
consisting of: (a) duckweed-preferred codons in the coding sequence for said 
polypeptide; (b, duckweed-preferred codons in tbe coding sequence for sa, signa 
3„ pep*; ,0 a translation ,ni,,a,,o„ codon that is Hanked by a plant-preferred translation 
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i„i,ia,i„„ context nuc,eo,ide sequence; and (d) an operably linked nue.eo.ide sequence 
comprising a p.an.intron that is inserted upstream of the coding sequence. In some 
embodiments of mis method, the biologically active recombinant polypeptide ,s secreted 

into the duckweed culture medium. 

5 to some embodiments of the above methods, the signal peptide is selected from 

the group consisting of: (a) the human a-2b-interfer„n signal sequence; (b) the 
Arabics Ui.ua chitmase signal sequence; (c) the rice ct-amylase signal sequence; 
(d) the modified rice cc-amylase sequence; (c) a duckweed signal sequence; and (f) a 
signal sequence native to the biologically active recombinant polypepttde. In one 

,0 embodiment of the method, the signal peptide is the rice «-amy.ase signal peptide whose 

sequence is set forth in SEQ ID N0:3. 

to some embodiments of the above methods, the duckweed-preferred codons are 
^■preferred codons. In further embodiments, the duckweed-preferred codons are 
Lemna ^-preferred codons or Lemna miaar-preferred codons. In further 
, 5 emb„d,men.s, a, least one coding sequence selected from the coding sequence for the 
biologically active recombinant polypeptide and the coding sequence for the signal 
peptide comprises between 70-100 % Lemna ^-preferred codons or Lemna m.nor- 
preferred codons.. 

in other embodiments, the invention encompasses a method of producing a 
20 biologically active recombinant polypeptide, comprising the steps of: (a) cultunng a 
duckweed plan, culture or a duckweed nodule culture, wherein said duckweed plan, 
culture or said duckweed nodule cul.ure ,s slab.y ttansformed to express said biologically 
active recombinant polypeptide, and wherem said biologically active recombinant 
polypeptide is encoded by a nucleotide sequence that has been modified for enhanced 
25 expression in duckweed, and (b) collecting said biologically active polypeptide from said 
duckweed plan, culture or said duckweed nodule culture. In some embodiments of this 
method, the nucleotide sequence that has been modified for enhanced expression m 
duckweed has a. leas, one attribute selected from the group consisting of: (a) duckweed- 
preferred codons in the coding sequence for said biologically active recombinant 
30 polypeptide; (b) a translation initiation codon that is flanked by a plant-preferred 
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nation initiation context nuclide sequence; and (c, an operably linked n„c,eo«,de 
sequence comprismg a plan, urtron that ts inserted upstream of the codmg sequence. 

,„ some embodiments of this method, the duckweed-preferred colons are Len„a- 
preferred codon, In further embodiments, the duckweed-preferred codons are Lemna 
5 ^-preferred codons or Le m na ^-preferred codons. In further embodiments, the 
coding sequence comprises between 70-100 % Lemna ^-preferred codons or Lemna 

mmor-preferred codons. 

In some embodiments of the above methods, the plant-preferred translate 
initiation context nucleotide sequence consists of the nucleotide sequence "ACC" or 
10 "ACA", wherein said context is positioned immediately adjacent to the 5' end of the 

translation initiation codon. 

in some embodiments of the above methods, the operably linked nucleot.de 
sequence comprising said plan, intron is the sequence se« forth in SEQ ID NO:l . 

,„ some embodiments of any of the above methods, the duckweed frond culture or 
duckweed nodule culture expresses and assembles all of the subunits of a biologtcal.y 
active mu.timeric protein. In further embodiments, the mu.timenc protein is selected 
from the group consisting of collagen, hemoglobin, P450 oxidase, and a monoclonal 
antibody. 

In some embodiments of any of the above methods, the biologically active 
recombinant polypeptide is a mammahan polypeptide. In further embedments, the 
mammalian polypeptide is a therapeutic polypeptide. In some embodiments, the 
mammahan polypeptide is selected from the group consisting of: insuhn, growth 
hormone, a-interferon, (^interferon, [i-glucocerebrosidase, p-glucoromdase, 
retinoblastoma protein, P 53 protem, angiostatin, leptin, monoclonal antibod.es, cytokines. 
25 receptors, human vaccines, animal vaccmes, plant polypeptides, and serum albumin. 

In some embodiments of any of the above methods, the biologically active 
recombinant polypeptide is oc-2b-interfero, In further embodiments, the a-2b-interferon 
is human a-2b-interferon. In further embodiments, the human a-2b-interferon has the 
amino acid sequence set forth in SEQ ID NO:4 or SEQ ID NO:5. 
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,„ some embodiments of any of the above methods, the biologically active 
recombinant polypeptide , a biologically active variant of a-*-—, wherein satd 
biologically active variant has a, ieast 80% sequence identity with SEQ ID NO:4 or SEQ 

IDNO:5. . ,. 

in some embodiments of any of the above methods, the biologtcally actwe 

recombinant polypeptide is an enzyme. 

In other embodiments, the invention encompasses the stably transformed 
duckweed plan, culture or duckweed nodu!e culture of any of the above method. In 
further embodiments, the stably transformed duckweed plant culture or duckweed nodule 
0 culture is selected from the group consisting of the genus Spirodela, genus Wo ffia, genus 
Woffie.la, and genus Lemna. In further embodiments, the stably transformed ducked 
pU* culture or duckweed nodu.e culture is selected from the group consistmg oi Lemna 
minor, Lemna miniscula, Lemna aequinoctiatis, and Lemna g.bba. 

In other embodiments, the invention encompasses a nucleic acd molecule 
, 5 compnsing a nucleotide sequence encoding an ammo acid sequence selected from the 
y oup consisting of: (a, the amino acid sequence se, forth m SEQ .D NO:4; (b) the 
ammo acd sequence se, forth in SEQ ID NO:5; (c) the ammo acid sequence of a 
biologtcally active vanan. of the amino acid sequence shown ,n SEQ ID NO:4, wherem 
said biologically active vanan, has a, leas, about 80% sequence tdentity with the ammo 
20 acid sequence set forth in SEQ ID NO:4; and (d) the amino acid sequence of a 

biologically active variant of the ammo acid sequence shown ,n SEQ ID NO:5, wherem 
satd biologically active variant has a, leas, about 80% sequence identity w,.h the ammo 
acid sequence set forth in SEQ ID NO:5; wherem .he nucleotide sequence composes 
duckweed-preferred codon, In further embodiments, the nucleotide sequence ,s the 
25 nucleotide sequence set forth in SEQ ID N0.2. 

In other embodiments, the invention encompasses a nucleic acd molecule 
comprising a nucleo.ide sequence encoding a signal pept.de se,ec.ed from .he group 
consisting of: (a) the rice a-amylase signal peptide amino acid sequence se, forth m SEQ 
ID NO* and (b) ,he modified rice-amylase signal peptide amino acid sequence se, forth 
30 in SEQ ID NO:7; wherein the nucleotide sequence comprises duckweed-preferred 
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colons. In further embodiments, the rn.cleo.ide sequence is the nucleotide sequence set 

forth in SEQ ID NO: 3. 

in other embodiments, the invention encompasses a nucleic acid molecule for the 
expression and secretion of human a-2b-in.erferon in duckweed compnsing the signal 
peptide-encoding nucleotide sequence given in SEQ ID NO:3, and the mature human «- 
2b-in.erferon-e„coding nucleotide sequence given in SEQ ID NO:5, wherein the stgnal 
peptide-encoding nucleotide sequence and said mature human a-2b-n,erferon-encodmg 
nucleotide sequence are operably linked. In further embodtments, the nucletc ac,d 
molecule additionally comprises the tntron-comprising nucleotide sequence gtven m SEQ 
ID NO- 1 wherein said intron-comprising nucleotide sequence is operably hnked to sa,d 
stgnal peptide-encoding nucleotide sequence and said mature human a-2b-,nterferon- 

encoding nucleotide sequence. 

These and other aspects of the present invention are disclosed in more detail m the 

description of the invention given below. 

BRIEF DESCRIPTION OF THE DRAWINGS 


20 


Figure 1 . 

Figure 1 show the interferon levels (as determined by a solid phase sandw.ch 
immunoassay) in the media and tissue of a transformed duckweed culture, as descnbed 

Example 1 . 


Figure 2 . 
Figure 2 show the interferon levels (as determined by a solid phase sandwtch 
25 immunoassay) in the media and tissue of a transformed duckweed cultures, as described 

in Example 2. 
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DETAILED DESCRIPTION OF THE INVENTION 

,„ ,he present invention, methods are disclosed for unproving the expression and 
me recovery of biologically acfve polypeptides from genetieal.y engineered dueled 
5 plants and duckweed nodule cultures. These methods comprise the steps of 

(,) cultunng a stably transformed duckweed plan, or a duckweed nodule 

euhure that expresses a, leas, one biologically active polypeptide, where.n the 
po,ypept,de U encoded by a nucleotide sequence tha, has been modified for enhanced 
expression in duckweed, and recovering the b,oIog,ca„y active polypepUde from 
10 duckweed culture. Modifications to the nucleot.de seouence that are encompassed by 
«* invenfion include, b, are no. .imited ,0, the use of duckweed-preferred codons f 
me coding se q ue„ce, the use of a ^.-preferred Nation in,,ia.io„ con.ex. nucleo, e 
„ for the translation inmahon codon, and the insertion of a nucleoude sequen 
comprismg a p,a„, intron sequence upstream of the sequence encoding the polypepUde. 

15 ,2) Cultunng a stably transformed duckweed plan, or duckweed nodule 

culture .ha. expresses a, leas, one biologically ac.ive polypepUde comprismg a s.gnal 
sequence ma, directs secretion of the polypepUde mto the culture med.um, fol.owed by 
r ecovering.hebio.o g icallyac,,vepolvpep,idefrom.hecu.«uremedium. Inone 
20 embcdimen, of .his me.hod, .he nucleo.ide sequence encod.ng ,he bio,og,ca,ly ac,„e 
polypeptide is mod,f,ed for enhanced expression in duckweed. Al— m anomer 
embodiment the nucleotide sequence encoding the signal pepttde is mod,f,ed for 
enhanced expression m duckweed. In one embodiment, the nucleottde sequence 
encoding both the biologicaHy ac.ve polypepUde and .he signa, peptide are mod.f.ed for 
25 enhanced expression in duckweed. 

As anomer aspect, the presen, inven.ion encompasses .ransformed duckweed 
p,a„, or duckweed nodule cultures producing bio,og,cal,y active polypeptides aecord.ng 

to the methods above. 

As another aspect, .he presen. inven.ion discloses methods and nucle.c acd 
30 sequences for producing biologically ac.ive human a-2b-in«erfero„ in duckweed. 
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Definitions: 

"Polypeptide" refers to any monomeric or multimeric protein or peptide. 
-Biologically active polypeptide" refers to a polypeptide that has the capability of 
performing one or more biological functions or a set of activities normally attributed to 
the polypeptide in a biological context. Those skilled in the art will appreciate that the 
term "biologically active" includes polypeptides in which the biological activity is altered 
as compared with the native protein (e.g., suppressed or enhanced), as long as the protean 
has sufficient activity to be of interest for use in industrial or chemical processes or as a 
therapeutic, vaccine, or diagnostics reagent. Biological activity can be determined by any 
method available in the art. For example, the biological activity of members of the 
interferon family of proteins can be determined by any of a number of methods including 
their interaction with mterferon-specific antibodies, their ability to increase resistance to 
viral infection, or their ability to modulate the transcription of interferon-regulated gene 

"Nucleotide sequence of interest" as used herein refers to any nucleotide sequence 
encoding a polypeptide intended for expression in duckweed. For example, nucleotide 
sequences encoding therapeutic (e.g., for veterinary or medical uses) or immunogenic 
(e.g., for vaccination) polypeptides can be expressed using transformed duckweed 
according to the present invention. 
20 The terms "expression" or "production" refer to the biosynthesis of a gene 

product, including the transcription, translation, and assembly of said gene product. 

The term "duckweed" refers to members of the family Lemnaceae. This family 
currently is divided into four genera and 34 species of duckweed as follows: genus 
Lemna (L. aeauinoctialis, L. dtsperma, L. ecuadoriensis, L. gibba, L japonic*, L. minor, 
25 L miniscula. L. obscura, L. perpusilla, L. tenera, L. tnsulca, L. turionifera, L. 

valdmana); genus Spirodela (S. intermedia, S. potyrrhiza, S. punctata); genus Wolffia 
(Wa angusta, Wa. arrhiza, Wa. australina, Wa. borealis, Wa. brasiliensis, Wa. 
columbiana, Wa. elongata, Wa. globosa, Wa. microscopica, Wa. neglecta) and genus 
Wolfiella (Wl. caudata, Wl. denticulata, Wl. gladiata, Wl. hyalina, Wl. Ungulata, Wl. 
30 repunda, M. rotunda, and Wl. neotropical Any other genera or species of Lemnaceae, ,f 


targets. 
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.hey exist, are also aspects of .he present invention. Lemna species can be c,ass,f,ed 
using the taxonomic scheme described by Landol, (1986) BiosystemaOc , m es lig a,,on on 
,he Family of Duckweeds: The family ofLemnaceae-A Monograph Study 
Geobatanischen lnstitut ETH, Stiftung Rubel, Zurich. 

The term "duckweed nodule culture" as used herein refers to a culture compnsmg 

90% 95%, or .00% of the cells are differentiated cells. A "differentiated cel.," as used 
herein is a cell with at least one phenotypic characteristic (e.g., a dtstmcttve cell 
morphology o, the expression of a marker nudeic acd or pro.em) that d.stinguishes ,, 
0 from undifferenhated cells or from ce.ls found in other tissue types. The d,fferent,a«d 
cdls of the duckweed nodule culture described herein form a tiled smooth surface of 
interconnected cdls fused a. their adjacent cell wal.s, with nodules that have begun to 
orgamze into frond pnmord.um scattered throughout .he tissue. The surface of the t.ssue 
of .he nodule culture has ep.dermal cells connec. .o each Cher via plasmadesmata. 
, 5 -Duckweed-preferred codons" as used herein refers to codons that have a 

frequency of codon usage in duckweed of greater than 1 7%. 

■I^-preferred codons" as used herein refers to codons that have a frequency 
of codon usage in the genus Lerrma of greater than 17%. 

•■Lemna ^-preferred codons" as used herein refers to codons that have a 
20 frequency of codon usage ,n Lemna 0* of greater than ,7% where the frequency of 
codon usage in Lemna g Ma was obtained from the Codon Usage Da.abase (GenBank 
Release 113,0; a. http://www.kazusa.orop/codon/cgibin/showcodon.cg.7speces- 

Lemna+gibba+[gbpln]). . 

-Translation initiation codon" refers to the codon that initiate, the translate of 
25 the mRNA transcribed from the nucleotide sequence of interest. 

-Translation initiation context nucleotide sequence" as used herein refers to the 
identity of the three nucleotides directly 5' of the translation initiation codon. 

"Secretion" as used herein refers to translocation of a polypeptide across both the 
plasma membrane and the cell wall of a host plant cell. 
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"Operably linked" as used herein in reference to nucleotide sequences refers to 
multi ple nucleotide sequences that are placed in a functional relationship with each other. 
Generally, operably hnked DNA sequences are contiguous and, where necessary to J01 n 
two protein coding regions, in reading frame. 

A Expression Cassettes 

According to the present invention, stably transformed duckweed is obtained by 
transformation with a nuclide sequence of interest contained within an expression 
cassette The expression cassette comprises a transcriptional initiation region hnked to 
the nucleic acid or gene of interest. Such an expression cassette is provided w,th a 
phtrality of restriction st.es for insertion of toe gene or genes of interest (e.g., one gene of 
interest, two genes of interest, etc.) to be under the transcriptional regulation of the 
regulatory regions. The expression cassette may encode a single gene of .merest. In 
particular embodiments of the invention, the nucleic acid to be transferred contams two 
or more expression cassettes, each of which encodes at leas, one gene of m.eres.. 

The transcriptional initiation region, (e.g., a promoter) may be native or 
homologous or fore.gn or heterologous .0 .he he* or could be .he natural sequence or a 
syn,h=,ic sequence. By foreign, i. is .n.ended tha. toe .ranscnptional initiation reg.on ,s 
no, found in toe wild-type host into which the transcriptional initiation reg.cn .s 
introduced. As used herein a chimeric gene comprises a coding sequence operably hnked 
to a transcription initiation region that is heterologous to the coding sequence. 

Any suitable promoter known in the art can be employed according to toe present 
invention (including bac.enal, yeas., fungal, insect, mammalian, and plan, promoters). 
For example, plan, promoters, includ.ng duckweed promoters, may be used. Exemplary 
I promoters include, bu. are no. limi.ed ,o, toe Caulifiower Mosaic Virus 35S promo.er, toe 
opine syn.he.ase promo.ers (e.g., nos, mas, ocs, etc.), .he ubiqui.in promo.er, toe actin 
promo.er, the ribulose bisphosphate (RubP) carboxylase small subuni, promoter, and the 
alcohol dehydrogenase promoter. The duckweed RubP carboxylase small subum. 
promoter is known in toe art (Silverthome e, al ,1990) Plan, Uol Biol. ,5:49). Otoer 
0 promoters from viruses tha. infec, plants, preferably duckweed, are also suitable 
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including, bu, no, limtted .o, P— isolated from Dasheen mosaic viru, 0**U 
virus (e g the Chlorella virus adenine methyltransferase promoter; Mttra e, al. (1994) 
Ban, Mol. Biol. 26:85), tomato spotted wil, virus, tobacco rattle virus, tobacco necrosts 
virus, tobacco ring spot vtas, tomato ring spot virus, cucumber mosaic virus peanut 
; stump virus, alfalfa mosaic virus, sugarcane bacliform badnavirus and the bk* 

Finally promoters can be chosen to give a desired level of regulatton. For 
example, in some instances, it may be advantageous to use a promoter tha, confers 
constitutive expression (e g, the mannoptne synthase promoter from ^of— 
Helens). Alternatively, in other situations, i, may be advantageous to use promoters 
0 that are activated in response to specific environmental stimuli (e.g., beat shock gene 
promoters, drought-inducible gene promoters, pathogen-inducble gene promoters, 
wound-inducible gene promoters, and light/darlc-inducible gene promoters) orplan. 
^o.th regulators (e.g., promoters from genes mduced by abscissic acid, auxms, 
cytokintns, and gibberelltc acd). As a further alternative, promoters can be chosen that 
,5 give tissue-specific expression (e.g., root, leaf, and floral-spec.fic promoters). 

The overall strength of a given promoter can be mfluenced by the combmatton 
and spatia, organrzation of cs-acting nucleotide sequences such as upstream activating 
sequences. For example, activating nucleotide sequences derived from the 
AgrobaC ,en m ^efaCens octopine synthase gene can enhance transcrip tion from he 
20 A^aCeHun, — ne synthase promoter (see U.S. Patent 5,955,646 to 

Gelvin e, al). In the present invention, the expression cassette can contain act,va„ng 
nucleotide sequences inserted upstream of the promoter sequence to enhance the 
expresston of the nucleotide sequence of , uteres,. In one embod.ment, the expression 
cassette .ncludes three ups,ream activating sequences derived from the 
25 .unufac^s ocopine synthase gene operably linked to a promoter derived from an 

Agrobactenum tumefaciens mannopine synthase gene (see U.S Patent 5,955,646, hercn 

incorporated by reference). 

The transcriptional cassette includes in the 5'-3' direction of transection, a 
lr a„scrip,ional and translationa, imtiation region, a nudeotide sequence of interest, and a 
30 transcriptional and ,rans,a,iona. .ermina.ion reg.on functional in plan,, Any suuable 
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mvention. The termination region may be native with the transc„p..on 1 — 
12 r Ice. Convenient termination region, are avatlab.e from the Tt-piasnud of A. 

^ • , „/ H99n Mo/ Gen. Gene*. 262:141; Proudfoot (1991) Cell 
See also Guenneau al. (iyy U 

Munroe^/. „990,G«.9.:.5.;B-1-^ ,.*»>*c«****« 7.«»..-d 
L - * 0»7) AW* 1 5:9627. Additiona, exemplary termmaf 

cLiower Mosaic Virus 35S —on sequence. Other suhab.e —on 
sequences will be apparent to those skilled in the art. 

Alternate, the gene(s> of interest can be provided on any other su.table 
expression cassette known in the art. 

The expressron cassettes ntay contarn more than one gene or nucletc ac.d 

^.b.— -'•-■T'^ 

ac ,d sequence will be operab.y linked to 5' and 3' regulatory sequences. A.temat.ve.y, 
multiple expression cassettes may be provided. „ pfnrtn . 
Generally, the expression cassette will compnse a selectable marker gene for the 
> „oftransfonnedce,lsor,issues. Selectable marker ,„es include genes — 
antibiottc resistance, such as those encoding neomycm phosphotransferase 1, (NEO) and 
hygromycin phosphotransferase (HPT), as well as genes conferring reststance to 
h bictdal compounds. Herbtcide resistance genes generaily code for a mod«, 

■5 herbicide in the plan, before!, can act. See DeBlock , 

' OeBlock „ « M ™* «™ « (1 " 0) "'"^tLp - 

Gorl ,on.Kamm , «/. (.990, Pla,u CeU ,603. For example, res.s.ance to giyp sph <e 
^sulfonylurea herb.cides has been obtained using genes coding for the mutan Uarge, 
enzy.es 5 .eno,pyruvy,shik, m a,e-3,hospha,e syn.hase (BPSPS, an acetolactate 

30 synthase (ALS). Resistance to glufosinate ammonium, boromoxy^d, and 2,4- 
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dicMorophenoxyacetate (2,4-D) have been obtained by using bacteria, genes encodtng 
phosphinothricin acetytaansferase, a nitriiase, or a 2.4-dich,oro P he„oxyace«a.e 
monooxygenase, which detoxtfy the respective herbic.de, 

For purposes of the present invention, selectable marker genes mclude, but are 
limited to, genes encoding neomyen phosphotransferase 1, (Fraiey eial. (.986) CRC 
CrUical R^s in Plan, Science 4:,,; cyanamide bydratase (Ma,er-Gre,ner elal (. 91 
Proc mi Acad. Sci. USA 88:4250); aspartate kinase, dmydrodipicolinate synthase (Perl 
caHX^BioTecnnolo® 11:7.5); bar gene (TokU, (.992) M fM* 
,00-1503- Meagher e, „/. (1996) &t 36:1367); tryptophan decarboxylase (Godd.jn 
e, al. (1993) M<"- 22:907); neomycin phosphotransferase (NEO; Southern e, 
a, (1982) J Mol. Appl. Gen. 1:327); hygromycin phosphotransferase (HPT or HYG 
Shlizu e, a, (.986, Mo, Ceil Bio, 6, 074); d.hydrofo.ate reductase (DHFR; Kwok e, 
„/. (1986) Proc. Nad. Acad. Sci. USA 83:4552); pnosphinothricin acetyltransferase 
(DeBlock « al. (1987) UMBO J. 6:2513); 2,2-dichloropropionic acid dehalogenase 
(Buchanan-Wollatron^/. (.989)/. Cell. Biocken, 13D:330); acctohydroxyacd 
synl hase (US. Pat. No. 4,761,373 to Anderson B a,, Haughn „ a, (.988) AM ft* 
Ge „« 22.-266); 5-enolpyruvyLshikima.e-phospha.e synthase (aroA; Coma, e, a, (1985) 
Nature 3.7:74.,; haloary.n.tri.ase (WO 87/04.81 to Staiker e, al.y, acetyl-coenzyme A 
carboxylase (Parker ei al. (.990) H*i «,220); d.hydrop.eroate synthase ,su 1; 
Guenneau c, a, (.990) Ito, M.,. Bio, ,5:127); and 32 kDa pho.osystem 1. po.ypepttde 
(psbA; Hirschberg et al. (1983) Science 222: 1 346 (1983). 

Also mcluded arc genes encoding resistance to: gentamycm (e.g., aacCl , 
Wohlleben „ al. (1989) Mol. Ce, Gene,. 217:202-208); chloramphenicol (Herrera- 
Estrella « a/ (1983) EtffiO / 2:987); methotrexate (Herrera-Estrella e, a, (1983) 
; Nalure 303:209; Mcje, e, al. (1991) Pta, MW. «W. 16*07); hygromycm (Waldron « 
„ ,1985) PlaniMo, Biol. 5:103; Zhijian ei a, (.995) «», .08:2.9; Meuer* 

al 0m) P,an,Mo,. B,o. 16:807); streptomycin (Jones e, a, <1987>Mo/. &»* 
2,0-86); spectmomycin (Bretagne-Sagnard e, al. (1996) 7>»*g»te*«. 5:131); 
bleomycin ,Hi„e *«/. (.986, Plan, Mol. Biol. 7:,7„; sulfonamide (Guerineau ^;. 
0 ( ,a 90 ) Pta ,AM fi,. ,5:,27);bromoxy™HS,a,ker^/. (1988) 5^242:4,9); 2,4- 
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D (Streber * a, (1989) Biotech 7:8„>; phosphtnothricin (DeB,ock , al. (1987) 
EMBO J. 6:25 ,3); spectinomvcin (Bretagne-Sagnard and Chupeau, 7»c 

5 ' 131) ' The bar gene confers herbicide resistance ,0 g,ufosinate-,ype herbicides, such as 
phosphinothricin (PPT) or biaiaphos, and the U k e. As noted above, other se.ectab e 
„Jls that couid be used in the vector constructs inCude, bu, are no, tarn* <o, < e pa. 

givphosate resistance, the „m, gene fo, resistance to the Hctoxin, and other se ec v 
Cun 0 P i, Bio.eC. 3:506; Chistopherson * al. (1992) ML Acad. Sc. USA 

™ ^ 1 77 ??0- Hu et al (1987) Ce// 48:555; Brown et al. (1987) Ce// 
et al (1980) 77ie Operon 177-22U, rtu <». ino , 

49 603; Figge «<■/. ( .988) Ce„ 52:7,3; Deuschle «, 1 (.989) Proc «. W 
5 ^ 86:5400; Fuers, , al. ,,989) ^ « SC. VSA 86:2549; Deuschle « al. 
( ,9») 248:480; Ubow , a,. (,990) Mo/. <* ,0:3343; Zambrett, - „/. 

,992) Proc. m. Acad. Sci. VSA 89:3952; Bairn e, a,. (1991) J** Ate/. 
«4 88:5072; Wyborski - al. (1991) Nuc. Acids Res. ,9:4647; HiUenand-Wissman 

' „ • WtatW io-143;Degenko!bcla/.(1991)^»n-microi>. 

(\9R9) Topics in Mol. Ana Mruc. moi. iv. L-t~>, & 

,„ UcL^ 35:,59,;Kl— 

( , 99 2) P te „ 2:397; Gossen e, al. (1992, Pr„, */. ^ SC. VSA 89:5547; 0„va * 
al (199 2) *««fc *»» 36:9,3; Hlavka c, al. (,985) Hand^of 

'„, , 78- and Gill etal (1988) toe 334:721. Such disclosures 

Experimental Pharmacology 78, and Gill « <w. v ' »° ; 

are herein incorporated by reference. 
25 The above list of selec«ab,e marker genes are no, mean, to be limi.mg. Any 

selectable marker gene can be used in the present invention. 

B Modification of Nucleotide Sequences for Enhanced Expression in Duckweed 
The present invention provides for the modification of the expressed nucleofide 
30 sequence to enhance its expression in duckweed. One such modification is the synthes.s 
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See e g U.S. Patent Nos. 5,380,831 and 5,436,391, Perlak et al. ^ ) 

T otn l n991) Plant Mol. Biol. 34:485; and Murray et 

Acad Sci USA 15:3324; Iannacome et al. (199 /) flam mo 

A .j 17-477 herein incorporated by reference. The preferred 
al ( 1 989) Nucleic Acids. Res. 17.4//, nerem f 

cod ns may be determmed from .he codons of highest frequency Mhepro.ems 

Lnthe web page: h,*:—^^ 
:ia +gib ha +febptal ,a„d,he™o f codonusa g e f o rie » r ,o r ,s f o»„d OT 

, the web page h«p://www. to s,or.j P /eodoa/egibin/showcodon.cg 1 ?spec 1 es= 

l„a + l oH.bp.n,. « is recognized ,ha, genes wh.ch have been opttm.zed for 

5 X^cAc^es. n : 477,a„d t he,i k e,he r ein,nco nJ o rat edb yrefa ence. 
ft.r.ber recognized tha, an o, a„y par, of.be gene science may be op— r 
synth e,,c. .n other words, M. y optimized or pMia.iy «*» ce may -» 
L For example, 40 %, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85 „, 87 
t 9,% 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or ,00% of the codons may be 
2 „ dlee^preferredcodon, -ne embodiment, between 90 attd 96% of, ec = 
duckweed-preferred codons. The coding sconce of the nuc.cot.de — « < 
may comprise codons used with a frequency of at ieas, ,7% « Lemna *».. one 
embodiment. ,hc mod.f.ed nuCeot.de se.ucnce is ,he human ^-interferon encodm 
nU c,eo.ide seouence shown ,n SEQ ID NO:2, which contains 93% duckweed preferred 

M COd ° nS Other mediations can aiso be made to the nucieotide sec,ence of interest to 
enha „ce its expression ,n duckweed. These m„dif,ea„o„s ,„c,„de bu, are no, m,^ o, 
Cimination of sentences encoding spunous po, y ade„y,a„on s.gnais, exon-mtron sp h e 
ite s, g na,s, transposon-iike repeats, and other such wei. characterized sciences wh.c 

3„ lay b deietenous to gene express,. The O-C content of ,hc science may be a dj us,ed 
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nredicted hairpin secondary mRNA structures. 

. . ■ c«, for pxamole Lukaszewicz ef a/. (2UUU) r/an« 
Science . 54:89-98; and Josh, el al (1997), Pta< Mot. 

nucleotide sequence of interest are 

^ "Session of a .ransgene in dueled can a.so he enhanced hy .he use of * 
lead ers „ ences. such^seonencescanacuoenhancc— n Trans^on 

E MCV,eader( E „cepha^^^^ 

ft« Ate/. A»l S« KM 86:6126); po.ywus leaders, e.g., TEV leader (T 

, c n qqi ^ V^/ure 353:90); untranslated leader 
hindingpro.ein (BiP; Macajak and Samow (.99.) * ^ 

ftomt hecoa t p rot e mmR KA0fa,fa lf a m osa,cv,™ 
(1987) Ate« 325:622); tobacco mosarcvrrus leader <TMV,Galhe( ) 
Li. 4RNA. 23:56); poU.o e t ch virus leader vs.aya e, a^ 3 ^ 

, 1, 74 27,7-2724); Fed-1 , un,rans,a.ed region (Diclcey (.992) ^ 
2317V RhcS 5' un,a„sla,ed region (Si.ver.home , «/. (.990), AM B o,. . 5.49 
nln Le chloro.ic mo,„e virus leader (MCMV; Lonune, e, ... (.991, V.ro.ogy 
^ See also, Della-Coppa e, „. ,1987, « ^ " 

comprising plan. in,ro„ sequence, including intron sequence from .he nra, Z e 

30 !£jL lt ~«.«-*-«^^-* A ^' W '^ 
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pathway gene PAT. has also been shown .0 increase .rational efficient in plants 

15-913-920) In one embodiment of the present invention, nucleotide sequence 
corresponding to nucleotides 1222-1775 of the matze a,cohol dehydrogenase 1 gene 
(GenBank Accession Number X04049), se, forth in SEQ ID NO: , , is tnserted upstream 
of the nucleotide sequence of interest ,„ enhance the efficiency of its translation^ 
It is recognized that any of the duckweed expresston-enhancmg nucleottde 
sequence modifications described above can be used in the present invention, inchtdmg 
any single modification or any possib.e combination of modifications. The phrase 
modified for enhanced express.on in duckweed" as used heretn refers to a nucleotide 
sequence that contains any one or any combination of these modifiers. 


15 


20 


25 


C Signal Peptides 

Secreted proteins are usually translated from precursor polypeptides that tnc.ude a 
■signal peptide" that interacts with a receptor protein on the membrane of the 
cndoplasmtc reticulum ,ER) to direct the translocation of the growing polypeptide cham 
across the membrane and into the endop.asm.c reticulum for sccretton from the ce„ ; Th.s 
signal peptide is often cleaved from the precursor polypeptide to produce a "mature 
polypeptide lacking the signal peptide. In an embodiment of the present inventton, a 
Llogically active polypeptide is expressed in duckweed from a nucleotide sequence that 
is operably linked with a nucleotide sequence encoding a signal peptide that d.rects 
secretion of the polypeptide into the culture medium. Plan, signal peptides that targe, 
protein translocation to the endoplasmic reticulum (for secretion outside of the cell) are 
known ,n the art. See, for examp,e, U.S. Paten, No. 6,020,1 69 to Lee „ „/. In the present 
invention, any plant signal peptide can be used to in target polypeptide express.on ,0 the 
ER in some embodiments, the signal peptide is the Arab,dops,s ihaliana bastc 
endochttinase signa. peptide (SEQ ID NO:8; amino acids .4-34 of NCBI Protetn 
Accession No. BAA82823), the ex.ensin signal peptide (S.iefel e, a,. (1990) Plan, Cell 
2-785-793) the rice a-amylase signal peptide (SEQ ID NO:6; amino acids 1-31 of NCBI 
Protein Accession No. AAA33885), or a modified rice a-amylase signal sequence (SEQ 
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,D NO:7). In another embodiment, the signal peptide corresponds to the signal peptide of 

a secreted duckweed protein. . 

^tentatively, a mammalian signal peptide ean be used ,0 targe, 
peptides expressed m generally entered duckweed for secretion, it as been 
demonstrated that plant cells recogntze mammalian signa, peptides that target the 
endoplasmic reticulum, and tha, these signa. peptides can d.rec, the secret,™ of 

See U S. Patent Nos. 5,202,422 and 5,639,947 to Hiatt e, „. In one embod.nten, of, 

, • 1 ii nfNCRl Protein Accession wo. 

human a-2b-in,erferon signal pept.de (ammo ac.ds 1-23 of NCB1 

AAB59402andSEQIDNO:4). 

,„ one embodiment, the nucleotide sequence encodmg the s.gnal pept.de 
modified for enhanced expression in duckweed, utilizing any modif.cat.on or 

inl eres, In another embodiment, the signa. peptide the nee a-amy,ase encoded by th 
modified nucleotide sequence se, forth in SEQ .D NO*, which contains approx.mately 

93% duckweed preferred codons. 

The secreted biologtcal.y act,ve po.ypept.de can be harvested from the cu.tnre 
med,um by any conventual means known in the art and purified by chromatography, 
, electrophoresis, dialysis, solvent-solvent extraction, and the hke. 

D Transformed Duckweed Plants and Duckweed Nodule Cultures 

The stably transformed duckweed utilized in this invention can be obtamed by 

5 ob Led by one of the gene transfer methods disclosed in U.S. Paten, No. 6,040,4 to 
Lp herein incorporated by reference. These methods ,nc,ude gene .ransfe W 

ballisuc bombardmen, with microprojectiles coated with a nucleic acd conmnsmg 
nuCeot.de sequence of interest, gene transfer by cooperation, and gene transfer 
mediated by -P^ng a vector comprising the nucleot.de sequence of 

3 „ Ires,. ,n one embod.men,, ,he s,a W y transformed duckweed is obtained v,a any one of 
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, j ■ t t c Patent No. 6,040,498 to Stomp et 
^^^--ated methods disclosed ^ m rhi20gms . 

. , . m 11<sed is Aarobacterium tumefaciens or *grwu 
„, The ^-T^-^ transformed iM plants ^ in tnese 

I, is preferred that the stably reproduc ,i„n. Preferably, 

m et»ods exhibit nonna, morphology and are ferule y - 

mc ,eic acid, and .he transferred nucle, ac ^ ^ ^ ^ ^ 

preferred are duckweed plants ,„ wh, <h ^ ^ ^ ^ a 

numbers (i.e., no more than f,ve cop.es, >>— ce „, 
furt he, alternative, fewer than three copies of the nuc « P 

— - — e , npart ,c„,ar,hu m a„ 

mr^vth factor or cytokine, insulin, or growi 
hormone, growth factor, ui , u;„i n <,irallv active B- 

^ Amatively the duckweed expresses biologically V 
growth hormone). Alternatively, ;„,„fer 0 n for 

, The duckweed may express biologically active a-2b-mterferon, 
glucuronidase. The duckweed y ession No . MB59402; set 

example human a-2b-interferon precursor (NCBI Protein 
f nil *n SHO ID NO'4) or mature human a-2b-interferon (amino acids 2 

Vman t;ig,ca,,y active vananf of human a-2b-,n,erferon is intended a 

. E=S=r====T 

■ • f t-nn or the ability to modulate the transcriptian of a-2b- 

-22- 40989/237225(9280-1 
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N0 ,. Thus, abtolo.cally -We va- * » ^ such . 6 . 
,0, as few as 5, as few as 4, 3, 2, ore See , for example, European 

^^sof^— °77; 4 ;;;: e 4 : 01 , 685 , 4 ,s 16 , 56 M, 9 u W , 

patent EP211148B1, ^ J 5 , 869 , 29 3; herem incorporated by 

4,975,276,5,089,400,5,098,703,5,231,. 

«fe™ce. termination of percent identity and percent 

s , mi ,an„ between two seances can »~ P ^ am , no ^ seqU ence S is 
In . preferred embodiment, tbe , m Biol . ,,,44-453 algorithm, 

termined using tbe Needletnan and Wunsch ^ „ 

weight of 16, 14, 12, W, 8, 6, or wo „ uc leotide sequences ,s 

pref erred embodmtent, the percent package, using a BLOSUM62 

0 e,erm,ned ustng the GAP program m* G ^ ^ W=1W^ - ' 

scoringmatrix (see Hentoff * oL <•*» ofl , 2 , 3, 4, 5, or 6. A 

g apwei 8M of40,50,60,70,or80a„da 1 ^ ^ 

is u „certa,n about what parameters should be app ^ ^ ^ 

a.eouencetdentityl.mt.ationof.hemven on s ustng 

w,,h a gap weigh, of 60 and a length wetgWo ^ ^ ^ fce 

which has been mcorporated mt , , 2 and agap penalty of 4. 

we , gh , residue table, a gap length penalty ° P rf or duckweed nodule 
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, .because of cost or logistical constraints, or 
placed by existmg gene egression system ^ ^ ^ 

both. For example, some protems canno . ^entiation, or 

protein assembly in mammahan cells. P can be 

ret inob,as,omapro,ein,p 5 3, P prot e in s; i, is un.Wy given 
advantageously employedtoprcducem^^^^ 

wi „ mterfere with regulator, processes ™ ^ ^ ^ ^ human 

colUgen, ana the « f- «» ~* < » ^neric , ns in auck weed uses an 
ap p r0 ach for producutg biologtcally achve — ^ ^ 

e,„ Durtng - 0«» «- ^ " „ loducec into ducked cells us.ng any Kno.n 

MB**™- ™" '7';*; t : robari me„,or^--^-' 1 
^formation method, such as abalhst, ^ ^ ^ 

20 lrans forma,,o, £ ^e, A variation on this approach 

is ,„ make single gene constructs, mtx or Agrobacterium- 

th ,s mixture of DNAs ,nt„ plan, cells usmg * b ^ ^ ^ 
m ea,a,ed transformation. As a further ^ ^ ^ duckweea 

mor e than one subum. of the mul.intenc pr ( ^ , fc ^ 

c ,ones to be crossed than the number of su un,* m ^ ^ ^ of 

the multimenc pro.em, and duckweed c * « J ^ ^ ^ subunit , 

In some instances, n maj 
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• u •♦ in a transformed duckweed plant or 
an » cinele orotein subunit, in a transiormcu 

therapeutic, or vaccination purposes. 

EXPERIMENTAL 

, „ offered for purposes of illustration, not by way of limitation. 
The following examples are offeree tor p v 


Exjjresjtonjectors examples is described in 

^ rt nM<sP-l used m some ot me exdin^ 
, The expression vector pBMsr I us „ KM cp. i 

„ ,K ,955 646 herein incorporated by reference. The pBMSP 1 
U.S. PatentNo. 5,955,646 ^ sofatranscliptio „a.ac,iva,mgnue.eo„de 

transcriptional cassette contams three cop.e ^ 
seq „e„ce denved from the^o— '^^2^0^ 

, g „„, «^*« — ^ wi . .erminatton sequence 

,he nucleotide science encoding the polypepnde f n,e«^ 

d e n ved from the «-^*» ^ " eomy ci„ 

te nf the nBMSP-1 expression vector descnoeu d 
contains the components of the pBMbr to nucleotides 1222-1775 of 

between the promoter and the polylmker. 
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The foUowing expression constructs were constructed using methods wel, known 
in the art. See, for examp.e, Satnhroot, I., Fntsh, E. P., and Maniatis, T. Mo^r 

j W/.// Cold Spring Harbor Laboratory, Cold Spring 
Cloning: A Laboratory Manual. 2nd, ed., Lola spring n 

5 Harbor Laboratory Press, Cold Spring Harbor, NY, 1989. 


Table 1 


Construct 

expression 
Vector 

Signal Peptide 1 

nterferon-encoding Sequence 

Name 

IFN01 1 

pBMSP-1 

None 

Non-optimized interferon 
(nucleotides 580-1077 of 
GenBankAc^ 

IFN02 

pBMSP-3 

Non-optimized interferon 

(nucleotides 511-579 of 
GenBank^^ 

Non-optimized interferon 
(nucleotides 580-1077 of 
GenBankAccess^^ 

IFN03 

pBMSP-3 

Arabidopsis thaliana 
endochitinase (nucleotides 338- 
399 of GenBank Accession 
number AB023460 with an 
additional "A" added to the 3' 
end of the sequence) 

Non-optimized interferon 
/nucleotides 580-1077 of 
GenBank Accession No. J00207) 

IFN05 

pBMSP-3 

Modified nee a-amylase * 
(encoding the amino acid 
sequence shown in SEQ ID 
J^07)___ 

Non-optimized interferon 
(nucleotides 580-1077 of 
GenBank Accession No. J00207) 

IFN07 

pBMSP-3 

Wild type rice a-amylase 
(nucleotides 34-126 of GenBank 
Accession No. M24286, 
encoding the amino acid 
sequence shown in SEQ ID 
J^06)_ 

Non-optimized interferon 
(nucleotides 580-1077 of 
GenBank Accession No. J00207) 

IFN08 

pBMSP-3 

Optimized wild type rice 
a-amylase (SEQ IDN0.3) 

Non-optimized interferon 
(nucleotides 580-1077 of 

GenBa^ 

IFN09 

pBMSP-3 

Optimized wild type rice 
_a^mylasei^ 

Optimized interferon 
JSEQjDNO^)___ . 

IFN10 

pBMSP-3 

None 

Optimized interferon 
JSEQIDNO^) 

IFN11 

pBMSP-1 

Optimized wild type rice 
^amxlaseiSEQJD^ 

Optimized interferon 
JSEQJDN02)_^ 

1FN12 

pBMSP-1 

None 

Optimized interferon 

(SEQ IDN02) 
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•The nucleotide sequence encoding the modified rice a-amy.ase signal peptide 
responds ,0 nuc.eottdes 34-126 of GenBank Accession No. M24286, except that 
nudeotides 97-102 have been changed from "CTTGGC" to "ATCGTC." 

5 TransfoTmatio" of rinckweed 

^J^Tduckweed nodu,e cultures (derived ft»m Len.no minor stram 

8627 in these examples) are transformed with the expression constructs described above 
usi „g Agrobacteri—ed transformation methods. A g ro b ac,erium ,u m efae,ens stram 
C58Z707, a disarmed, broad host range C58 strain (Hepburn (1985)7. Gen. 
10 Microtia,. W:296,-2969) is used for transformation m these examp.es. The expression 
constructs descnbed above are moburzed ,„to A. iuinefaciens by e.ectroporatton, or by a 
triparental mat.ng procedure using E. coii MM294 harboring the mobilizing plasm.d 
prL.13 (Hoexema e, al (1983, SOS: .79-180, Ditta ei al (.980) Proc. Nail 

Acad Sci USA 77: 7347-7350). C58Z707 strains comprising the expression constructs 
, 5 described above are streaked on AB minima, medium (Chilton - al, (1974, Proc. Na, 
Acad Sci. USA 71: 3672 -3676) or in YEB medium (1 g/L yeast extract, 5 g/L beef 
extract, 5 g/L peptone, 5 g/L sucrose, 0.5 g/L MgSO. containing streptomyen a, 00 
mg/ L spectinomyen at 50 mg/L and kanamycin su.fate a, 50 mg/L and grown ovenngh. 


at 28° C. 

20 


25 


to these examp.es, Lemna minor strain 8627 is used for transformation although 
any Len,na strain can be used. Fronds are grown on liquid Schenk and Hi.debrandt 
medmm (Schenk and Hi.debrandt (1972, Can. J. Bo, 50:199) containing .% sucrose and 
,0 uM indoleacetic acid a. 23" C. under a 16 hour light/8 hour dark photopenod w,,h 
iight intensity of approximately 40 uM/m' sec. For inoculation, individual fronds are 
separated from clumps and floated ,n inoculation media for approximately 2 to 20 
minutes. The inoculating medium is Schenk and Hildebrandt medium (pH 5.6) 
supplemented with 0.6 M mannitol and 100 uM acetosyringonc, with the approbate 
A g ro b ac,criun, iun.efac.ens strain compnsmg the expression constnrc, present at a 
conccntratton of about 1 X ,0'ce,.s/m,. These fronds are then transferred to Schenk and 
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HHdebrandt medium (pH 5.6) — g 1% sucrose, 0.9% agar, and 20 mg/L 
acetone and are co-cultivated for 3 or 4 days in .he da* a, 23" C. 

Mowing co-cnUivation, .he fronds are transferred for recovery o Sch * and 
HUdebrand. medium or Murashige and Skoog medium (Murashige and Skoog * 
PWOL Plan, ,5:473) supplement wi.h 200 ug/ml kanamycn su,fa,e. Fron « 
dl.ami„a t edfrom,nfec,i n gA^ac,riaby tt ansfern„ g .hei„fec.ed. 1 ssue.o,^ 

medium w,,h antibiotic every 2-4 days. The fronds are incubated on ,h,s medium for 
approxima,e.y four weeks under conditions of low ,i g h,( 1-5 uM/m -see > 

Duckweed nodule cu.tures for transformation are produced as follow. 
Duckweed fronds are separated, .he roots are cut off with a stenie scalpel, and .he fronds 
Iplaced.ven.ralstdedown.onMurashigeandSkoogmed.um.atalognumhe^ 

551 , Sigma Chemical Corporation, St Louis, MO) pH 5.6, supplemented w,«h 5 uM 
2 4-dichloropheno.yacetic acid, 0.5 uM 1 -Phe„y.-3(.,2,3,hiadiazol-5-y.) urea 
thidiazuron <S*» P6, S6), 3% sucrose, 0.4 Difeo Bacto-agar (Fisher Scien.,^ 
S 0,5%Gelrite(Sigma, Fronds are grown for 5-6 weeks. At this time, the nodules 
Z ^ ^ <*~ generally from the central part of the ventral side. 

, a „,„h 1% sucrose 0.4% Difco Bacto-agar, 0.1 5 A Uelnte, 
Skoog medium supplemented with 3 /. sucrose, u. 

uM 2 4-dichlorophen„xyace.ic acid , and 2 uM benzyladenine. 

„ ' Duckweed nodule cultures are transformed as follows. The appropnate 

mg/L kanamycin and 100 ,M ace,osyrin g o„e, and resuspended in Murashige an Sk g 
medium supplemented with 0,M Mannhol and .00 pM ace.os.in.one. Nodn,^ 
tlss ue ,s inocu,ated by ,mmersi„ g ,n ,he soiution of resuspeuded bacteria for 1-2 minutes, 
25 blotted ,„ remove excess fluid, and plated on co-cultivation medium consisting of 
Murashige and Skoog medium supplemented wi.h auxin and cytokintn optimized to 
promote nodule growth and 100 uM acetosyringone. 

For selection, nodu.e culture tissue is transferred to regeneration medium 

;tfc v>' SllcroS e 1 uM 2,4-dichlorophenoxyacetate, 2 fiM 
Murash lg e and Skoog medium with 3 /0 sucrose, lu , 

n 1 w nplrite 500 me/L cefotaxime, and zuu 
30 benzyladenine, 0.4 % Difco Bacto-Agar, 0.15 /o Gelnte 500 mg/ 
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„WL kanamycin sulfate and cultured for approximately four weeks under 

1L Selection is complete when .he nod* .issue shows vigorous grow* on .he 

,« ,he transformed duckweed nodule cultures are 
selection agent, .n some examples, .he ansfo™ ^ ^ 

transferred directly to regenerate medium for selection, 

in co-cultivation medium. „„„ ls 

For regeneration of transformed duckweed, .he selected nodule culture 
transferred to regenerate medium (0, X Schenk and Hildebrand, medium 
supplemented w„h . % sucrose and 200 mgs,L kanamycn, to organic - o ue 
, p , L The nodule culture is ,ncuba,ed on region medium under full light for 
a " oximately 3 weeks, until fronds appear. Fully organized fronds are transfer, 
approximately we incu bated under full light 

liquid Schenk and Hildebrandt medium with 1 -3 /. sucrose 

for further clonal proliferation. 
, 5 o.K.^fB^^ 

ph ase sandwi h immunoassay as described in Staehlin e, a,. (.981, ******* 

ground-up or iyscd duckweed plants or duckweed nodule .issue. 

The solid phase sandwich immunoassay for in.erferon , performed using 
25 from PEL Labora.o„es (New Brunswick, NJ) according ,o the manufacturer s 

nstructions Briefly, interferon is captured by an an.ibody bound to the m.cro.i.er p a.e 

second an body is .hen used to reveal the bound an.ibod, An 
Ildy negated ,„ horseradish peroxidase (HRP, ,s then used to mark the ,n.er eron. 
" I. y. enzidme (TMB) ini.ia.es a peroxidase-caUlyzed co.or change so . ha he 
3„ :irn,Luanbeobservedandcomparedw,,a,a,id a rd. A monoc,ona,a„.,body 
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specific for a-2b-interferon (Cat. No. 1 1 1 05, PBL Laboratories) is used for this assay in 

the present examples. 

The cytopathic effect inhibition assay is performed according to the methods of 
Tovey et al. (1978) Nature 276:270-272. Briefly, serial two-fold dilutions of the 
5 preparation to be assayed are diluted in a 96 well microtiter plate (Falcon Inc) in a 
volume of 100 ul of Eagles minimal essential medium (Life Technologies Inc) 
supplemented with 2 % fetal calf serum (Life Technologies Inc) in parallel with senal 
two fold dilution, of the US National Institutes of Health human IFN alpha international 
reference preparation (G-002-901-527). Twenty thousand human amnion cells (hne 
10 WISH) are then added to each well of the microliter plate in a volume of 100 ul of 

medium with 2 % fetal calf serum. The cells are incubated over-night in an atmosphere 
of 5 % CC, in air at 37°C, the medium is removed and replaced with 200 ul of medmm 
with 2 % fetal calf serum containing vesicular stomatitis virus at a multiplicity of 
mfection of 0 1 . The cells are further incubated over-night in an atmosphere of 5 % C0 2 
15 in air at 37 °C and the cytopathic effect due to virus replication is then evaluated under a 
light microscope. Interferons titers are expressed as the reciprocal of the IFN dilution 
which gave 50 % protection against the cytopathic effects of the virus. Interferon titers 
are expressed in international reference units by reference to the titer of the reference 
preparation. 

20 The following examples demonstrate the expression of biologically active 

interferon in duckweed. 


25 


30 


Example 1 

A study was performed to determine culture IFN levels in media and tissue at 
various time points in a batch culture. A set of 20-30ml 175oz,culture jars were 
inoculated on Day 0 with 20 fronds of a line previously identified as expressing 
detectable levels of human a-2b-mterferon (IFN). The cultures were grown under 
autotrophic, buffered conditions with continuous high light provided by plant/aquanum 
fluorescent grow bulbs. At each time point - days 5, 7, 1 3, 1 5, and 1 8 - the fresh weight 
and media volume were measured for four cultures. From each culture, med.a and tissue 
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■ wwtnr cocktail was added. The tissue 
^p.es were obtained and a p.an. protease mh.br.or «to 

a a cnnn cold The supernatant was collected, me 
samples were ground and spun cold. P rpN levels in media and 

* a* 70°C until all samples were collected. lbJN ieve 
extracts were stored at -70 Cunm f san dwich 

multiplying mCaS p""^ j shows the relative IFN levels on days 7, 13, 1 5, 

for the culture, respecttvely. F.gure 

and 1 S compared to day 5. The ,as, time point represents the average 
cultures tnstead of four due to loss of one culture. 

Example 2 „ im levels in media and tissue at 

vanou st, m epoin,s,naba<chcu,,„re. , The cultu res were grown 

, a n,vO with 20 fronds same line as m Example . 
mocmated on Day 0 w,t 20 ^ ^.^ fcy 

culture, media and l.ssue samp supe matant was 

was added. The t.ssue samples were ground an ^ P 
;0 eouected. Media and tissue extracts were store d ^ C ^ p ^ ^ 
^ected. 1FN levels in med.a and Ussue ex,«, were dete™ ^ 

tlssue was calculated by multiplying measured IFN c cent ^ 

7S levels on days 14, 17, and 19 compared to day 12. Med 

M rrhdowLrangeoftheextendedrangeprotocolforthcmmunoassay. 


Example 3 instructs listed in Table 1 were 

30 produced using the methods described above. These transform 
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grown for 14 days under atrophic conditions. Bovine serum albumm at a 
concentration of 0.2 mg/m, was included in the growth media. On day 14, medta and 
tissue extracts were prepare, as described in Exampic 1. and the interferon levels >n these 
extracts were determined using the soiid phase sandwich immunoassay as descnbed 
above Table 2 gives the number of clona. duckweed lines assayed and the mean medta 
interferon concentration for each express construe, Table 3 shows tine interferon 
levels w,th,n the duckweed tissue for the duckweed lines transformed with the interferon 
expression constructs that did no, contain a signal peptide (1FN01, !FN10, and .FN12). 
Both the mean interferon level for all clonal lines assayed for the desired construe,, 
and the interferon level for the top-expressing line are shown. 


Table 2 

Expression 
Construct 

itnf Clonal Lines 
Tested 

Mean Tnterteron 
Concentration 

____ing/ml)___ 

IFN01 

41 

0 

IFN02 

75 

2.3 

IFN03 

41 

0.18 

IFN05 

44 

2.5 

IFN07 

41 

1.5 

IFN08 

41 

1.4 

IFN09 

41 

30.3 

IFN10 

41 

0 

l__JFNU 

39 

9.9 " 

IFN12 

41 

1 ^ 


15 

Table 3 



Mean Value 

JTop Expresser 

IFN Construct 

% of total 
soluble protein 

% of total 
sojubJe_pj5tejnJ 

1FN01 

0.00003 

p^aoooi_n 

IFN 10 

0.00064 
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* 


.ves the results for .he t op expressing Itne for each — ^ ^ 

Lwn for ,he media for those constructs coning a s.gna, pep 
those constructs lacking a signal peptide. 


Tante 4 


10 


15 


20 



, a f„r ,he data in this example: (1) Secretion of 
T» following features can be noted for the 

concentration for FN02 FN03 , ^ ^ for ^ ^ 

IFN0 .,IFN10,andlFN12. (2) Secre signal seq uence 

constructs containing a stgna, pept.de „■* the nat.v ^ ^ 

prod ucin 8 the highest level of secreted ,n e*on om pa ^ ^ ^ 

leV e,s produced by 1FN02 with those produced I N fe 

example, the interferon levels produced by 1FN0; 
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10 


w bv the codon optimization of more than just the signal 

peptide. Compare, for example . I , n ^ ^ of 

dehydrogenase tntron sequence m the expre ^ ^ 

m plications and patent applications mentioned in the ***-^« 
■ „• ,- e of the level of those skilled in the art ,0 which thts invent™ perta,n, All 
indicative of the level 01 uw reference to the same 

pub Uca,ions and patent applications are herein tncorporated hy e » 
extent as if each indtvtdua, publ.catton or patent apphcatron .as specially 

Although the foregoing invention has been oescno 


claims. 
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